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(54) THIN FILM TRANSISTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the on/off ratio 
of source/drain currents by selecting an organic material 
from organic substances a-nT or a group constituted of 
derivatives thereof, and allowing the organic material to 
have a specified electrical conductivity at a constant 
temperature. 

SOLUTION: A transistor 20 is constituted of a substrate tfara ^j.^ 

11, source electrode 12 being a first contact, drain il&f, ''" !fPM =ei ~" 

electrode 13 being a second contact, gate electrode 14 
being a third contact, gate dielectric 1 5, and active layer 
16 of an organic material. The organic material is a 
material called <x-nT made of a carbon isotope other 
than a certain type of carbon or diamond combined with 
another element, where (n) is ranging from 4 to 9, and is 
selected from a group having a substitutional group on 
the fourth or fifth carbon of a terminating circle. Also, 
the organic layer is constituted of a material having a 
conductivity of 5 x 1 0-8 S/cm at the most at a 
temperature of 20° C after deposition or rapid thermal 
anneal. In a material a~6T ((n) is 6), the electrical conductivity can be reduced and the on/off 
ratio of the source/drain currents can be improved. 
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5 X l 0" 8 S / c mTO^l*^f : ^TOi: , 

-mTX«::tlb©Ri»{f©iSffl|^&ft5i||| h 9 > 10 
T2S, tlSltS-fiM/Ph^lta- (m/ 

2) ^^^siiKSi-s^^b^-s^fefciof^bn 
(b) *«ji^«riSo-mTjB*»i»i-saBt^e>* 

9, ffilEa-mT&fE*;*ifofiS, 

(C) ^»«T?«HEK,:/n hyfta- (m/2) ^ 

(D) ^a-mT*mEa*ftd^5>l^S«»fc^ 

m 0 

5 -1 ithio- a -y^/U^-m n/UT% ffiflE a-mT^a-6 
T -Cfc S r. t Sr«M» + S 8 <D«3t36r jfeo 

[00 0 1] 

zmmh^^isx* (tft) , aw*©«3ft**^BB 30 

[0 0 0 2] 

»Rh7>^^ (TFT:thin film t 
ransistor) fa: J: < ttbftTV^T,' SH^^^f^l 
$:Mtv^c Wix-f^ v 7^7 7^^!) =* V • ^<~- * 

©tfth, »tt^hy ^^«**«*©*tt»-cttto 
[0003] *«JgttJi«r*i-aTFTf4*fcj:<ftb 

(F. Garnierite*, Science, Vol. 265, 1684—16 40 
8 6^, =^X;*7(H. Koezuka)fl&* % Appl 

ied Physics Letters, Vol. 62(15), 1794 — 179 
6^— i? s - 7?-tf*(H. FuchigamiN&S, Appl 

ied Physics Letters ¥01.63(10), 1372 — 1374 
v\ is— ■ sfcnlf 5/!V(G. Horowitz) ftfe?\ J. Appl 
ied Physics, Vol. 70(1), 4.6 9 — 4 7 5 v\ Rtf 
G. tT^y (Horowitz) fiMf, Synthetic Metals, Vo 

1.41-43, 1 1 2 7-1 1 3 0-i-^SXU5i 
<fcv\ r b ^)f/ W ^ l^l^M h 7 > v^^ ^ (FE 
T) X*tbZ> 0 r O i 5 4f/^ ^lit!E*S»OT F T i 50 
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ic±o*>Bi («totsv>) «afiie, «a*»aa©pr 

09a:«, *d^fr(D^5, 3 15,12 9#£-JL££ «t 
V\, • ^^(S. Miyauchi)flfc*^8fcX, Synthet 

ic Metals, 41-43(1991), 1155 — 115 8 v\ 
JSnMv-y nyl^pS^ y ^^^Wpolythiophen 

[0 0 0 4] La»Lttas&, #<<0W36i»*tCfcjto&> 
fc>fci\ r*«j TFTtt*«iSflYb*Crt:aiUTV>3!e 

[0 0 0 5] ^^^fV^h^V^^^l^r^ 

*#t££:L-c, k w yf«(Dty/t7it^ 

fc£o ^3fe^«TFTfilt««ig:V^^/^^it^^r 
U 0ilx.fi, :7^#^(H. Fuchigami)ftil (flfr 

») y t8»^7^77^^y 3^1: 

« s^a as* v/^jttfft 2 o zt'^ * * 
-r«:ft©^i»flc|f»©3ie«fftji (ptv) t>£*:Bi!^-r 

5o rO^Sfi, lO-^lO^S/cmOteiCOfl 
[0 0 0 6] ^-f^ - ^^X# (H. Koezuka)f& <M») 

Foy-^xtfKW ^jfctto^M^-ci&i o 5 ^ 

•9 0 /h £ V M£ fc ti*frt> # < C0^f« TFT 

##fcffiv^**y L (2X10- 4 cmV 
V- s) , HijS»m-ttiiLTWjiV\ 
[0 0 0 7] 

[oooslMMlfil 

SO. (2 0° 0 X"pfj:< thl 0- 3 cm 2 /V • sO 

m^^^y ^mm^-To TFT^:ffiv^5t«*** 

tt, 2 0° C-C-m S/cmOTO*S*4:ft5o 

[0009] r P Mj ( r n sj ) *»^**wtw^-e 
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fti-a. ie (*) ^rtytn tjetlj ( r«T-j ) t 

[0 0 10] 

/*7Jttak»Lfc««TFT*»bft5K«K3ll8SS 
[0 0 11] flUTFTtt, *8lfeSf*> «HE»i:»i" 

CO^f$|^K"te, a-^Tr/^f^L/y (a-quaterthie 
nylene) (c-4T) , a -^^^^znzz. u is (a-hexat 
hienylene) (a~6T) , a-3r$ (a-oc 
tathienylene) (a~8T) , a -^l/# J-zl—I'Is ( a 
-pentathienylene) (a~5T) „ a _/s ^f'^-^> 
(a-heptathienylene) (a-7T) , RXfct~S 

(a-nonathienylene) ( a - 9 T) - )&* 6 4 <£ 

T% 4^fe9 0fiftnSrfflV^"C, r a -nTj ^LT^ 

(*#**U O^T*^V>"fnT^> 2 0° CT*S5*5X 
10- 8 S/cm (^l<|j;lX10- 8 S/cm^T) 

[0 0 12] S*f*^T<E>J: 5 4»<^#«SS:ttc 
STFTtUf)t**-eff9, 3IK»U i©«V^t 

:§l|£ (Article Comprising an Organic Thi 
n Film Transistor)j "Cfc SWffFtiJJH-eKi* > 

(2S) TFT^ffitcts^i-5^>-/^7Ji^Wi-5 0 
tu ^tus rsHtj Ji-efc* (ttriastt«±co«si® 

[0 0 13] Sb*C*jB58r4, a-mT (m=4, 
1*8) SttJi3&*b4STFTO»3t*ftS:-&tPo ~<£>* 
SfiifilCa-mTSrftfelt, o-mTS*Ift 

ft a- (m/2) ^=.yuSrttjf&.-rSiflSt-J:f!)f^t)tti 
"To i^r<hl:, fflHEOa-mTSrf^^iaatt, a-m 
#Jfcfr*4r«rit a-mT 
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(m/2) ^K^«^S»l»3&»b*felCft5. ^T* 

[0 0 14] WiMi(Ca-6T(:iL-Ct^ 
s&s, ±IBt«ftfcWo-nT©#**«r4**oW«*1lt 

5 4<k^*Sr»5fi-f"Sfie*^^jSfe36^ Chemical Abstrac 
ts, Vol. 114, p. 22, item 186387g (1991) KX^TF&tl 

[0 0 15] TlcBJNBTf^DS J: **9!<&a-6 

[0016] fli Lt, *JIS(Oo-6T}Sttl©TF 
Ttt, Klfttlt2 0' C-Cl 0 6 J; 9;*;#i^>v'*- 
7JtSr^ 0 rnr4«*©*«TFT]!lJ:5«*ix^ 

t?) o **W^TFTOffi|OSttJBfi, 2 0° C-C^Ufc 

[0 0 17] 

^jmh^^v 5 ^^ (MIS-FET) iO^*^flT 

f t i o *:*»ttfc:«i- 0 r r 1 i - 1 6 fi-tjx 
x«> ins <«*.tfy-*«i) , £2«a 

[0 0 18] El2^*^^OMI S-FETlf/^T. 

S1W$28^12, 13, «3^14, y-hi 

iftl5St;Stt«16d^45o h7^*2 0* 
t£3fc<D l 0 i:it-<-C^m^{-I^Cw^^ 

*^S 0 Ud»bfti«6, rcO h7^^ 2 0 ft, 

^igv^y-^/Ku^^m^^-^/^-^it) o 
[0019]H3fi, *«^<O^JR-^*«: (MES) - 
FETS©f«TFTOMS:»<c fff31-35« 

[0 0 2 0] COM I S-FETiTFTIt 12 

MmOft^g, 2 5 0/xm<Z)y-hft% 
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-^torrOEA-CT-fe >:/ y <OSS**C i *) Ml& L 

«l5£M:7cO»j3f(in situ)T% n&x*&titz 0 

[0 0 2 1] @4H ?5i±mydW (a-6T) ^J^Tt- 
E*t5 i: 5 fcWI tfc±Jfi©T F T^bft feftfc Ki/ 
>f >«E^S*i"S KM >«*Oft»Sr«ro 

[0 0 2 2] 7 m%t (off-current) (^-'MJEOX 
HE, KW^-IOOV) Iifil0-»A*(?J) 

^-^/^-^Jttti 0 6 £ «9*#^ofc 0 2 0° Ctf© 
fiEa&*tf>a-6 TflS i 0" 8 S/c m N (*& 1 O^S/c 
m) £9TOa*«*£r*rU ^5 5ttpI*>ofe (IP 

*>«*¥»#Tfcofc) , y-hSffo-eov^i 

[00 2 3] 05^, a-6T^fflM#LW«feK 
-fc a ^<Dfctf>l;i&#£ Dffiv^m (»l.4xio 

- 8 s/cm) xhzztumz^&vTFT tmu-rz 

fel^/Ttc ^ y ir^»«ii 1-2X10 - 2 c m 2 / 

V • stfe^ ^->-/^^J4:H2 0 8 ov^y- h 

mJ3E{c*fLTl 0 6 J; 0*#^ofc 0 
[0 0 2 4] ±E<Dft:ttttft3Hr**» b* bixa i 5 

*tt*lc*fir^ffiv^«a|£0*JI«:ifeDS*, 2 0° C-C 
M^LTSX 1 0- 8 S/cm^m5a-6T^Si| 

KffiV^^m^Sr^fcbU IP*>> bY)t>tf&\<^>'/ 
*7JtAVTFT.©Av^»ttrt;*oai46*rt>fcb-t-. j£ 

mt^m<0 a - 8 T&i; a - 4 T ttRI*<0*ife-Cff bix 

[0 0 2 5] 4fegjRte 
f£M$fc<£> a -TVU^nA- ( a -terthieny 1) £r ^ tl<D 3 fflf 

££ Lfc a -yvl^zr. - ,U (4. 5 g). ^ h ]) V Jx'O' 
y~7 / V-jr^vU( sodium benzophenone ketyl)/$*baS 
gLtff^>3(D4 0 Om 1 Of h7 t Kn77>' (TH 
F :tetrahydrofuran) t 1 fc fc«*«JW«T«;fcfc*JB 

L7t (WWflBefcfi^fcjtfb) c — ^r^>'4'tC2. 5M 
On-^i) ^£i*(n-butyllithiuro)<D7. 3 m 1 

tl-Mi£At, ^i(O2 0K*-7 0 s C&TtSS 

A\ iP"b 5-lithio-a-7Vi^-^— /WS-lithio- a -tert 

h (T-fe^/UT-fe hWl:^ : ferric acetylaceto 
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nate) 06.4 g -CfcSflft^u UfcBMfcJWtt 
X. &T*S*T"C- 7 0 ° CfiATUlft^ bfe 1 5 0 m 1 <D 
T H F Sr-^tf » 2 OjffiS* $tlfc77^ ^flfttlBi 

[0 0 2 6] 8»LfeH*S:K?S5a^«J:5*fe, 10 

0 m 1 CDol^A^— l%HCl7Rg$3 0 0m 

1 > (MS) *3 0 0mK ^5 J ^/U 10 0ml Rtf 
— s t/V(D 10 0ml Olt^L, feV^^3. 5 g 

SrWfco ^rOBff*:, l%Na 2 C0 3 *^ tK, 

«-ioomir^bi:ffiv\ ^rtt^tfiMoTt 
,&a*l 2 o° c«±o^S«=8S«E (ffllx.fi, M>v?fu 

^(raesitylene)) 8 0 0ml ^t^Tt 1 NMWJBV^T, 

7-7^3t^Btrt>5^^^i:g!i 

7to r © J: 5 ^ofcfeS(Z) 2 0 0 - 3 0 0 m g 

i£&5 c 1 2 c m(DM&Xm'&'tZ>jJ7* 

%-W%s<om.\Z.W.^tz 0 ^rO^fCte. 10" 4 torrT^3 0 
o° cxcotomcXK) 1 cm^7^fl:fiot#it 
fc. KffiT-CM*T?^Ufc«. #»HMM:2f9J*Jlt 

[0 0 2 7] a-6T*»5fi-t-5±J6<D*-fettMUlftK 

tci*o. i-iit%) ^^r-r^>i:VN5m<-<^affl^ 

■W^n^WS (I^lil^Dyv'^O. Iff 
#*L<Wt0. 0 5 «*%*») fiigl^m^ 

- 6 T ttfigo T 7C*4Wf "Cffi35t5^ a-6Ti*45„ 
[0 0 2 8] ^/ L c^ff^LV^a-6T^Sat-r^^^i, 
12 0° CJ: t)*#V>»^<O^Stt*«t 

Z>^t\z£*) a -6T €r^Sf -T 5 b £ b J- 

^^^b$blc*^ 0 

[0 0 2 9] a*tt±3SO*ft-Cffbn^:a-6TdS, 
&&n&£tltza-6T<DM&<D2 8 0-3 0 7° CO® 
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BBOjRjft i 9 * 5 ML***"*-* £V 3 »< 

S313' Ct*)5©Wofe, 
[0 0 3 0] El6k&7\Z*:tl?tlwr+£5 

V^iTLfc. »ttt«!80o-6T"e v m#t«£*<^a- 
(B. ServeOftk^COem^t. Advanced Materials, Vol. 5 

(6), (1993). 46i-<— v\ tr*ai:"J:v\, 
[0 0 3 1] -MCfot, *5SK^)*«ttJ: 

(_biEOtr— • -fc/U^jy h (B. Servet)ttL*OBIS:S:A 
5£«J:v>) 09^2 0° ^^22. 5° ot-^(l -tix 

[0 0 3 2] ±SEO«8B«*aSM^a-6TdS^3(c<Oa- 

±\Z.mm£tl1t) . **tt*r*^-« 100-20 0nm 

WCfcS (tf— ■ -fe/W<y h (B. Servet)ft&*> Chemist 
ry of Materials, Vol. 6, (1994), 1 8 0 9^-^ 

ffijUcRRi-So *^©a-6TlMl0" 2 cm 2 / 
V- s^lSlrtf^r^^t, _biE<z>tE*<B«« 
^2X1 0" 3 cm 2 /V ■ s tiLtf<D&m&&ft1-Z> Z t t 

[0 0 3 3] ^mco&WZtiitVfftitey*'^ *&m<D& 

T% 0 . 1 11% i 9 T (Sf ^ t< II 0 . 0 5 it% i ») 
T) o^ny^tittttBOBttlWoMftA 

[0 0 3 4] iiE^a-eTSrSSIjfi-rS^ffitt^J-CfcD 

X.rf, sec-y^/l-}) ^#A(sec-butyllithium)) fr y ftil 

^vUTi? h^— h ( h y ^yU^-cr-Tir^UT-fe hWt 

ferric trif luoro-acetylacetonate) N (I 
II) h h (manganese (III) acetylace 

tonate)) j&SffifriX*. ££>fC **Slio-6T^ 
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a-8T^ Ri;a-4T«a-8T©a-6Tfc«l 

fete, d>ft< t fc**jfe<©«ftrRi±^tt, iWftftX 

ffi^j) ^tt, a-5T, a-7TMa-9TttFC: 

[0 0 3 5] 5(-f^btbfca-6 T©IS%f 

(«iU5 0mg) ^?S3RO^*» <a^#l— 

^^^^^^JE^J^l 0- 7 torr-C^ofc 0 Y 
Ii8 3 0 0' CfCHRfc, f$50nm^a-6T7-{M 

[0 0 3 6] ©EIK*^a-nT^iga*IR^S^S^ 
i$flftT^— /l" (RTA:rapid thermal annealing) td<£ 

li4-i2Mm) K±lcftS»if*c:*ft<ott««rit^ 

[0 0 3 7] (Wx.fi 2 9 5-3 1 5° C) l^WS 

ttio^m «*.«ifM KiKfoo-emiiitr 

10 0Mm^)©I, OitJllSrt^feUfco M^IXJST 

[0 0 3 8] a^imif^pia-6Tl^) 

CO a - 6 Tg 1 0 "« S / c m(D»t$^ L to N 2 
T^RTA (2 9 6° Ctl») <^^> ^f^0. 7X10 
" 8 S/craO#l$^/Ttfe 0 ftfe<£>a-nT<0S¥<7)^^ 

[0 0 3 9] *^OTFT(l S8*JxSfiV^«*0 
YLAR (SftffiM) ?L<(iKAPTONG'(ISffl 

S) ©i5*-&fi8:»J|g. Xfi (s i OzXtefl&ojIfeStt 
[0 0 4 0] mmv> hy^zt^fftmWcftteTs^x 
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[oo4i] ^m<Dhy^^^^\^mm±M^k<o^m 
*TFT*aft*foji5oi:wn:*tt-e, 

S> 3nB<0;*\ ^T^e/^y T * kVMS&T*'^ * (Amorpho 
us and Microcrystalline Devices)] (Artech Housed 10 
Kg,. Boston (1991)) <D 1 0 2 i ? ^0tcS<5V>"CV^ 
SB9T«II56!ii:,tSJi5 0 0 9 fete, JStt^hy^^ 
^*ft*^»0(eII6HOffJ(DliS*^C«r^i-o ^ t? h 
7>"^^10m*^OTFT-Cfc!), [H]g§<£>£l9 
tt«*SE«f-C*S. 0 2^S?SS, ^1 0 3-1 

0 5 dsfS#j», . hWarWtaWKt-tiu-Pix'*^-. 

[0 0 4 2] 

(0Sx.tf2O° CCl 0 5 J; 20 

(2 0° Ct5XlO- 8 S/craWTT% S^K 
lilO-TOlO-^S/craOT (1 
6) r©J:5ft*IKrf^6*tK*B!*Sh 

»la-AHfx=l/^fe5 (a-6T) o &#£*X 

fc b m at** ^eyc 
fl!v>sr flTFT£oy-7/KKyi:^ 

So 30 

[HBoffiiLjfenn] 

[Hil] «*ft*CDTFTO*J«B|-e*><5. 
[0 2] *«fl©TFT(Z)«©Br®H-e*5 0 
[EI 3] *3IM©TFTO«|<OWffiB|-C*So 
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IDS] 3t«*as»#Sft S#«W<Z> 2o©TFT©K 
[HI 6] *8R©a-6 TOXjBHeISt^* — ^Bl-C* 

So 

[07] tt*a«©o-6T<ox«iajf^^--^ia-tf*> 

So 

[B8] *l^^a-6 TCO^S»il^T-"^(D 

[09] *8B©TFT^645Stt^ h y ^^aa* 

1 0 «(DMIS-FETi(OtlTFT 

l l s« 

12 mi mm 

13 as 2 fW ( k w >««) 

1 4 I3fi (y-hSffi) 
1 5 ijfe^Wi 

1 6 

2 0 MIS-FETitiTFT 

3 0 MES-FETltiTFT 
3 1 

3 2 f&teil 
3 3 Ilg^ 
3 4 J2SjS 
3 5 

10 1 h7^^- 
10 2 f£ B B 0 
10 3 ft-fMS 
10 4 mb 

10 5 ^aim® 



[01] 
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®3*tS <tf-KS«) 
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y->«ff (V) 
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itfrft2 6 
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[199] 
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15 16 
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